Guided internet CBT (iCBT) is a promising treatment for depression; however, it is less well known through what mechanisms iCBT works. Two possible mediators of change are the acquisition of cognitive skills and increases in behavioral activation. We report results of an 8week waitlist controlled trial of guided iCBT, and test whether early change in cognitive skills or behavioral activation mediated subsequent change in depression. The sample was 89 individuals randomized to guided iCBT (n = 59) or waitlist (n = 30). Participants were 75% female, 72% Caucasian, and 33 years old on average. The PHQ9 was the primary outcome measure. Mediators were the Competencies of Cognitive Therapy Scale-Self Report and the Behavioral Activation Scale for Depression-Short Form. Treatment was Beating the Blues plus manualized coaching.
the acquisition of cognitive skills mediated subsequent depression change (indirect effect = −.61, 95% bootstrapped biased corrected CI: −1.47, −0.09), but increases in behavioral activation did not. iCBT is an effective treatment for depression, but dropout rates remain high. Change in iCBT appears to be mediated by improvements in the use of cognitive skills, such as critically evaluating and restructuring negative thoughts. Keywords depression; guided iCBT; mediation; cognitive skills; behavioral activation Guided, computerized cognitive behavioral therapy (CBT) delivered over the internet (iCBT) is an effective treatment for depression that might improve access to empirically supported treatments (Andersson & Cuijpers, 2009; Andrews, Cuijpers, Craske, McEvoy, & Titov, 2010) . When iCBT is provided with therapist support (hereafter referred to simply as guided iCBT), the treatment is cost-effective and acceptable to users (Andersson & Cuijpers, 2009; Andrews et al., 2010) , and might have similar effects to group or standard CBT (Andersson et al., 2013; Spek et al., 2007; Wagner, Horn, & Maercker, 2014) .
Despite these positive outcomes, few of the commercially available iCBT programs in the United States have been adequately tested. One available program is Beating the Blues (BtB), which was originally developed and tested in the United Kingdom. Early studies in primary and secondary care settings showed promising outcomes (Cavanagh et al., 2006; Proudfoot et al., 2004) , however, a recent large comparative effectiveness study found BtB was no better than primary care alone (Gilbody et al., 2015) . Further, the way in which BtB was delivered in early studies, in primary care offices on computers without coaching, differs markedly from current practices in mobile health, where interventions are typically delivered at home and can include manualized coaching. The United States version of BtB has been "Americanized," and had its content, interface and platform modernized to bring the program in line with current trends in mobile health (see Figure 1) . In contrast to the well-studied United Kingdom version of BtB, the efficacy of the updated American version has not been tested. The validation of BtB and other commercially available programs is needed to determine their effectiveness for the United States population.
Mediation of Change in iCBT
There are also questions about the mechanisms of change in guided iCBT. Mechanisms of change in psychological treatments are best studied through a test of mediation (Baron & Kenny, 1986; Lemmens, Müller, Arntz, & Huibers, 2016) . Mediation analyses test whether the pattern of relations observed is consistent with a potential mediator serving as a causal link between an independent and a dependent variable, such as would be expected if the mediator were a mechanism through which the independent variable impacted the dependent variable.
One potential mechanism of change in iCBT is the acquisition of cognitive skills. The process of teaching cognitive therapy skills is intended to provide patients with a novel set of cognitive responses that minimize distress, reduce maladaptive emotional and behavioral responses, and help prevent relapse (Hundt, Mignogna, Underhill, & Cully, 2013) . In standard CBT for depression, patient performance of cognitive skills has been related to reductions in depressive symptoms and lower risk of relapse (Jarrett, Vittengl, Clark, & Thase, 2011; Strunk, DeRubeis, Chiu, & Alvarez, 2007) . Skills change has also been found to mediate change in depression relative to a control condition in a CBT group therapy (Gallagher-Thompson, Gray, Dupart, Jimenez, & Thompson, 2008) .
There is debate about whether changes in CBT are achieved through individuals applying cognitive skills in response to stressors (a compensatory skills model) or through changes in the content of dysfunctional cognition (see Adler, Strunk, & Fazio, 2015; Barber & DeRubeis, 2001; Barber & DeRubeis, 1989) . In contrast to measures of skill use, measures of dysfunctional cognition assess the content and severity of maladaptive automatic thoughts and underlying beliefs (Beck, Rush, Shaw, & Emery, 1979 ). The cognitive model hypothesized that change in cognition was key to the therapeutic benefits of CBT. However, some authors have argued that consideration of effortful use of skills may be needed to better understand how change occurs in CBT, and by extension, iCBT (Hundt et al., 2013) . Unlike measures of dysfunctional cognition, which often change equally irrespective of treatment modality (Lorenzo-Luaces, German, & DeRubeis, 2015) , there is some evidence that change in skills may be specific to CBT (Hunter et al., 2002; Kuyken et al., 2010; Powers, Thompson, & Gallagher-Thompson, 2008) . Further, CBT skill use might inform two potential mechanisms of change in depression, the first being the use of skills to reduce distressing emotions and maladaptive behaviors that can result from stressors, and the second the use of skills to directly change underlying beliefs (for a discussion, see Barber & DeRubeis, 1989; Hundt et al., 2013 and Jacobson et al., 1996) . The acquisition of skills might be even more important as a potential change mechanism in iCBT, where there is little opportunity for other change mechanisms such as the therapeutic alliance to exert influence. Thus far, no studies have measured the acquisition of cognitive skills as a mediator of change in iCBT, and methodological problems have often undermined efforts to study cognitive skills as a mediator in the CBT more generally (Hundt et al., 2013) .
Another possible mediator of change in iCBT is behavioral activation (BA). BA includes strategies to increase the frequency of reinforcing activities and reduce behavioral avoidance (Addis, Jacobson & Martell, 2001) . Critics of cognitive therapy have noted that much change in CBT occurs early, before many cognitive interventions have been offered and during a period often prescribed for behavioral strategies (Ilardi & Craighead, 1994; Jacobson et al., 1996) . Jacobson et al. (1996) found that BA was no different from a full CBT package and that they lead to similar amount of change in dysfunctional thinking, suggesting that the BA component of CBT was sufficient to produce change. Although there are several studies of internet-based BA treatment packages and many iCBT packages include BA strategies, none have yet tested whether BA mediates outcome in iCBT for depression.
problem solving therapy versus waitlist. In a study of transdiagnostic iCBT for depression and anxiety, Newby, Williams, & Andrews (2014) found that reductions in positive beliefs about repetitive negative thinking (rumination and worry) were associated with reductions in negative thinking, which mediated change in depression in comparison to a waitlist control. These studies are notable because they have a number of the recommended design characteristics for a test of mediation (Kazdin, 2007; Lemmens et al., 2016) , including: 1) randomized trial, 2) control group (waitlist), 3) N ≥ 40, 4) testing multiple mediators, and 5) fulfilling the temporal criterion (change in the mediator precedes change in the dependent variable). Thus far, no study of iCBT has met these criteria when measuring the acquisition of CBT skills or BA.
The Current Study
In the current study, we present results from a randomized trial of guided iCBT versus waitlist control. Our objectives are to: (1) test the efficacy of iCBT supported using TeleCoach versus waitlist, and (2) determine whether change in iCBT is mediated through the acquisition of cognitive skills or through increases in BA. Beating the Blues includes both cognitive and behavioral strategies early in treatment, but tends to emphasize cognitive strategies (see Figure 2 ). Therefore, we hypothesize that iCBT will be (1) superior to waitlist and (2) will be mediated through cognitive skill acquisition.
Methods

Design
Participants were randomly assigned to eight weeks of guided iCBT or waitlist. Waitlist participants who continued to meet the initial inclusion after 8 weeks were offered the iCBT treatment (delayed iCBT). For information on outcomes for the delayed treatment, please see the supplemental materials. Because an aim of the study was to identify predictors of response, 2/3rds of participants were randomized to immediate treatment and 1/3 were randomized to waitlist. The trial was conducted between April 2014 and September 2015 at The Ohio State University Wexner Medical Center in Columbus, OH. Randomization was implemented through data capture software (REDCap). The trial was approved by the Ohio State University Institutional Review Board and registered on ClinicalTrials.gov with identifier NCT01990053.
Sample
Treatment-seeking adults were recruited by: (a) online advertisements and notices (33 of 89, 37%), (b) flyers placed in the community (31 of 89, 35%), (c) ads in newspapers (1 of 89, 1%), and (d) ResearchMatch.org (9 of 89, 10%). 1 To be eligible for a full assessment, potential participants need to report the following during an initial phone screen: (a) a score of ≥ 2 on the first 2 questions of the PHQ9 (Kroenke, Spitzer, & Williams, 2001 ) and ≥8 on the rest of the measure (Davidson et al., 2006) . Such participants were reporting the "cardinal" depression symptoms of low mood and anhedonia and meeting an overall severity cutoff of ≥10 (see Kroenke, Spitzer, & Williams, 2001) . Additional inclusion criteria were: (b) 18 years of age or older; (c) able and willing to give informed consent; and (d) having access to a computer with an internet connection. Exclusion criteria were: (a) history of bipolar disorder or psychosis; (b) current primary Axis I disorder other than major depressive disorder; (c) substance dependence within the past six months; (d) subnormal intellectual potential (IQ below 80) as measured by the Shipley Scale for Living (Shipley, 1940) ; (e) clear indication of secondary gain such as court-ordered therapy; (f) current imminent suicide risk or significant intentional self-harm in the last six months; (g) discharge within 6 months from a higher level of care; (h) currently undergoing outpatient psychotherapy; (i) a change in antidepressant medication over the past month or a planned change over the duration of the study, and (j) inability to read and write English. Diagnostic exclusions were determined by the MINI 6.0.0 diagnostic interview. Following the baseline in-person evaluation, all subsequent contacts were via phone or email.
Treatment
The iCBT program used in this study was the Americanized version of Beating the Blues United States v2.5 (BtB) licensed by U 2 Interactive, LLC. BtB is an 8-session computerized, internet-delivered, cognitive behavioral treatment for depression. The changes made to the program for the United States population are detailed in Figure 1 . Figure 2 lists the topics covered in each session and the between-session projects. The program has interventions directed primarily towards addressing mood symptoms, but also includes some interventions for anxiety (e.g., diaphragmatic breathing and optional graded exposure). Sessions take approximately 45 minutes to an hour to complete, and participants were encouraged to complete one session per week. The program is not tailored; although participants are given the option of choosing one of four different techniques in session 4 (see Figure 2 ). A coach (NRF or DRS) was assigned to each participant to provide support and guidance using the TeleCoach protocol adapted for BtB by author NRF (Duffecy, Kinsinger, Ludman, & Mohr, 2011) . The protocol is based on the supportive accountability model (Mohr, Cuijpers, & Lehman, 2011) , which focuses on building reciprocity in the coaching relationship, informing the user about expected behaviors, setting expectations for progress, building expectations for accountability, and rewarding adherence. The TeleCoach protocol (Duffecy et al., 2011) was found to improve adherence (but not outcomes) in a randomized trial of iCBT for depression (Mohr et al., 2013) . The coaching schedule included 3 prearranged calls and 1 pre-arranged email before week 4, additional contact as needed after week 4, and on-call support. Coaches spent about 1 to 2 hours in total working with each participant.
Patient Health Questionnaire-9 (PHQ9)-The PHQ9 (Kroenke & Spitzer, 2002 ) is a 9item self-report measure based on the diagnostic criteria for major depression from the Diagnostic and Statistical Manual Fourth Edition (DSM-IV). It was the primary self-report measure of depression symptoms.
Hamilton Rating Scale for Depression (HRSD)-
The 17-item HRSD is an interview measure of depressive symptom severity (Hamilton, 1960; Williams, 1988) . The current study used the version modified to include reverse vegetative symptoms (Reimherr et al., 1998) , which has been used in previous trials of depression (DeRubeis et al., 2005; Dimidjian et al., 2006) . HRSD raters (authors JGB and JEF) were trained by authors NRF and DRS. Based on a sample of 20 double-rated HRSDs, the ICC for the HRSD scores was . 98.
Competencies of Cognitive Therapy Scale -Self Report (CCTS-SR)-The
CCTS-SR (Strunk, Hollars, Adler, Goldstein, & Braun, 2014 ) is a 29-item measure of skills taught in cognitive therapy for depression. Items, rated on a 7-point scale, measure three areas in which patients are expected to acquire competencies from participating in CBT: coping with automatic thoughts, knowledge of schemas or core beliefs, and BA. The measure includes two items related to BA, but overall is heavily oriented towards assessing cognitive skills. The original validation study indicated a one factor solution (Strunk et al., 2014) . An example item is: "I examined evidence from my past or present to more carefully consider whether my negative thoughts are accurate or not." The CCTS-SR has good internal reliability and predicts and correlates with change in cognitive therapy for depression (Strunk et al., 2014) .
Behavioral Activation for Depression Scale-Short Form (BADs-SF)-
The BADS-SF. The BADS-SF (Manos, Kanter, & Luo, 2011) was derived from the original Behavioral Activation for Depression Scale (Kanter, Mulick, Busch, Berlin, & Martell, 2007) , which was developed to measure skills from the BA theory of depression. Some subscales showed considerable overlap with depressive symptoms, leading Manos et al. (2011) to develop short form including items less highly correlated with symptoms. The BADS-SF includes Activation and Avoidance/Rumination subscales, and has good internal reliability, correlates with behavioral changes over treatment, and predicts changes in depression during treatment (Manos et al., 2011) .
Assessment Schedule
The HRSD was collected at intake and post-treatment. The intake assessment occurred prior to randomization; however, the HRSD raters were not blind to treatment condition at the post-treatment assessment. The PHQ9 was completed at intake and weeks 3, 5, and 8. CCTS-SR, and BADS-SF were completed at intake, week 3 and week 8. All self-report measures were administered via computer or mobile device using the REDCap survey tool. The Waitlist group had the same assessment schedule as the iCBT group. Week 3 was chosen to measure potential mediator variables in order to capture early change processes (cf. Newby et al., 2014) . These week 3 assessments could occur either prior to or after session 3. Most change in depression takes place early in treatment, and early change Forand et al. Page 6 Behav Ther. Author manuscript; available in PMC 2019 March 01.
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Author Manuscript predicts both shorter and longer-term outcomes (Tadić et al., 2010) . In addition, key process measures have been found to predict symptomatic changes very early in treatment (e.g., Strunk, Brotman, DeRubeis, & Hollon, 2010) . BtB has both cognitive and behavioral components over its first three sessions, including psychoeducation on influence of thoughts and behaviors on mood, thought recording and cognitive distortions, and the importance of pleasurable activities.
Data Analysis
iCBT vs Waitlist comparison-The iCBT and waitlist samples were compared using linear mixed models, adjusting for depression scores and the use of antidepressant medication at intake in the model (Raudenbush & Bryk, 2002) . These models were estimated in SAS PROC MIXED using full maximum likelihood and an unstructured covariance structure. Rates of dropout, reliable and clinically significant change, and remission were compared using Fisher's exact tests. In iCBT, individuals may determine how much treatment they need, discontinuing sessions when they decide to do so. In light of this, participants were classified as having dropped out only if the study team lost contact with them during the treatment period or if they did not complete a week 8 phone interview.
To be consistent with previous investigations using the PHQ9, reliable change was set at ≥5 points, and clinically significant improvement required a score of <10 (McMillan, Gilbody, & Richards, 2010) . Primary remission was defined as a final PHQ9 score of <5, as recommended by Kroenke et al., (2001) . A secondary measure of remission was defined as a week 8 HRSD score of <8 as recommended by Frank et al. (1991) .
Mediation Analyses-Mediation analyses were conducted using PROCESS (Hayes, 2013) . Hayes (2009) recommended the use of bootstrapped confidence interval to detect indirect (mediation) effects over these methods, especially for smaller samples.
Bootstrapping is a nonparametric resampling approach used in PROCESS to generate an estimate of the indirect effect (the 'ab' term). In multiple bootstrap samples sampled with replacement from the original sample, PROCESS calculates the 'ab' term and then creates 95% bias corrected confidence intervals from this distribution of terms. If zero is not within the 95% confidence interval, the indirect effect is significant, meaning that that effect of treatment on outcome is at least partially contingent on change in the mediator (Preacher & Hayes, 2008) . We used the PROCESS macro for SAS and constructed 10,000 bootstrapped resamples, as recommended by Hayes (2013) . Mediators were tested simultaneously in a parallel or competing mediator model.
Several authors have argued that change in a mediator must precede change in an outcome variable to provide a powerful test of whether the potential causal effect of treatment on outcome may have been achieved through the mediator (Hollon & DeRubeis, 2009; Kazdin, 2007; Lemmens et al., 2016) . In the current analysis, the mediator is change in skills and change in BA from intake to week 3, and the outcome variable is residualized change in depression symptoms on the PHQ9 from weeks 3 to 8, controlling for residualized change in depression from intake to week 3. Thus, this study fulfills the temporal criterion. Further, it meets 4 of the remaining 5 quality metrics for mediation research as outlined by Lemmens et al. (2016) : 1) the use of an randomized controlled trial design, 2) the use of a control group, 
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3) sample size > 40, and 4) examination of multiple potential mediators. The unmet metric is direct experimental manipulation of the mediator.
Missing Data-PROCESS has no provision for handling missing data, so missing data were imputed for the mediation analyses. Random forest imputation (Stekhoven & Bühlmann, 2012) was used under the assumption that data were missing at random (Rubin & Little, 2002) . Random forest imputation is a single-dataset imputation method that can produce nominally equivalent or more accurate imputations compared to standard multiple imputation by chained equations (Liao et al., 2014; Stekhoven & Bühlmann, 2012; Waljee et al., 2013) . Random forest algorithms produce nested prediction or decision trees based on splits in continuous or categorical predictor variables (King & Resick, 2014) Each individual tree selects a bootstrapped subset of the main data set, and at each potential split point allows a random subset of possible predictors to be used, until there are no more possible splits to be made. This process is repeated across many different forests of trees, wherein predictions for the missing variables are iteratively updated and improved with successive models, until a stopping criterion is reached. A given imputed data value is based on the average prediction made across several decision trees. For this data set, a normalized root mean square error of prediction was estimated at 0.27, indicating that the imputation was adequately accurate (Stekhoven & Bühlmann, 2012) .
Results
Participants flow through the trial is reported in the CONSORT diagram ( Figure 3) . The randomized iCBT sample (n = 89) was 75% women (67 of 89) and 72% White (64 of 89), with 16% identifying as Black (16 of 89). A total of 29% were married or cohabiting (26 of 89), 89% employed (79 of 89) and 46% (41 of 89) had a degree from a 4-year college or higher. Based on assessment with the MINI, 87 (of 89) participants (98%) were diagnosed with major depression and 52% (46 of 89) were diagnosed with another Axis I disorder. A total of 38% (34 of 89) reported currently taking antidepressant medications. The average intake PHQ9 score was 17.07 (SD = 4.34) and the average intake HRSD was 21.12 (SD = 5.19). Full descriptive statistics are provided in the online supplement. There were no significant differences between the groups on any variables (all ps > .10). Individuals initially randomized to iCBT completed an average of 6.22 sessions (SD = 2.32). The rate of participants completing all 8 sessions of the program was 56% (33 of 59). The rate of participants dropping out of iCBT was greater than that observed in the waitlist condition, but only at the level of a nonsignificant trend (17 of 59, 29% vs. 3 of 30, 10%; Fishers exact test p = .06. One individual experienced worsening depression symptoms and was rescued from the waitlist and started on iCBT, at which point the data from this individual are censored from the analyses.
Correlations
The PHQ9 and HRSD were correlated at r = .46 (p < .001). The CCTS-SR was uncorrelated with either the PHQ9 (r = −.01, p = .91) or the HRSD (r = .17, p = .11), indicating little overlap between cognitive skills and depression severity. However, the BADS-SF was moderately correlated with the PHQ9 (r = −.50, p < .001) and the HRSD (r = −.44, p < . 
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Author Manuscript 001), suggesting that a portion of variance in the BADS-SF may have been attributable to the severity of depression symptoms. Of note, the BAD-SF and CCTS-SR were uncorrelated at intake (r = .07, p = .54), suggesting that they measure different sets of responses. Table 1 shows the means and standard deviations of depression scores, the CCTS-SR, and the BADS-SF. A visual inspection of depression scores over time revealed a linear pattern of change. An unconditional model showed that the linear time model fit better than a model using log time so a linear model was selected. The intercept of this model was set at week 8 to enable a test of treatment on post-treatment depression. Intake PHQ9 scores and whether the patient was taking antidepressant medication were included as covariates in the model. The model showed a significant effect of time (b = −.70, t = −2.27(74), p < .05), as well as a time x treatment interaction (b = 1.05, t = 7.49(75.4), p < .001), indicating that iCBT was associated with greater depression change over 8 weeks compared to waitlist (Hedge's g = 1.67). The iCBT group was also associated with significantly lower PHQ9 scores at week 8 (b = −7.70, t = −6.47(78.8), p < .001, Hedge's g = 1.45). A graph of PHQ9 scores is provided in the online supplement. This figure also displays PHQ9 scores for the Waitlist participants who entered into delayed iCBT after week 8. There was no effect of current depression medication on the slope or the intercept.
Randomized Comparison of iCBT vs. Waitlist
Secondary Outcomes-In a linear mixed model using the HRSD, there was again a significant effect of time (b = −3.65, t = −3.29(74.4), p < .01), and time x treatment, with iCBT being superior to waitlist (b = −9.40(75.2), t = −6.96, p < .001, Hedge's g = 1.56). The iCBT treatment also had lower depression scores at post treatment (b = −9.84 (77), t = −6.96, p<.001, Hedge's g = 1.56). Current antidepressant medication had no effect on the slope or intercept.
Improvement and Remission-In the iCBT sample, 83% of participants (49 of 59) experienced reliable change in symptoms, compared to 30% (9 of 30) in the waitlist condition (Fishers exact test p <.001). In the iCBT sample, 73% (43 of 59) experienced both reliable and clinically significant change, compared to 23% (7 of 30) of the waitlist condition (Fishers exact test p <.001). Using PHQ9<5, the remission rate of iCBT was 34% (20 of 59) versus 7% (2 of 28) for waitlist (Fishers exact test p < .01). Using the HRSD<8, the remission rate of iCBT was 31% (18 of 59) versus 0% (0 of 28) for waitlist (Fishers exact test p < .001).
Mediation of Change
For illustration, we present the results of the mediation model in Figure 4 . As seen in the figure, treatment had a significant effect on cognitive skills change and increase in BA, with iCBT resulting in more change than waitlist. Further, skills change predicted greater subsequent depression change, but BA did not. Skills change was also estimated to mediate change in depression. The indirect effect of treatment on outcome via skills change was estimated to be −.61 (SE = .34), and the 95% bootstrapped bias corrected confidence interval was −1.47, −0.09. This indicates that the change in depression in iCBT was partially contingent on change in cognitive skills. The corresponding and non-significant indirect 
Discussion
In this study, we presented the results of a randomized trial of guided iCBT versus waitlist. Guided iCBT outperformed the waitlist condition on both primary and secondary measures of depression, with large effect sizes associated with both change in depressive symptoms and post-treatment levels of depressive symptoms. The observed remission rate of 34% is slightly lower but comparable to the estimated remission rate of 43% in face to face therapy in depression calculated by Cuijpers et al. (2014) . These results add to the growing literature that guided iCBT is an effective treatment for depression.
Also consistent with the literature, iCBT had a high rate of dropout (29%). This rate was similar to the 31% weighted average rate for iCBT interventions, despite our use of a coaching protocol specifically designed to promote adherence to the intervention (Mohr et al., 2013 . In previous studies, dropout rates for Beating the Blues were 27.4 % when delivered in primary care offices (Proudfoot et al., 2004) , 38.4% when delivered in secondary care offices (Cavanagh et al., 2006) and 21.4% when delivered over the internet in conjunction with coaching and standard care (Gilbody et al., 2015) . Each of these are higher than the estimated 17.5% dropout rate in face to face psychotherapy for depression (Cooper & Conklin, 2015) . The rate of completing all 8 iCBT sessions in the current study (56%) is also within the range of estimates reported by Christensen, Griffiths, and Farrer (2009) for iCBT for depression (50-70%). We did not include a no-coaching condition, so a comparison to unguided iCBT was not possible; however, it is notable that the coaching protocol did not appear to lower rates of dropout substantially below that observed in trials of this program without coaching. It is possible that we have reached the upper limit of adherence to iCBT programs that can be achieved with manualized coaching.
Programs like BtB are designed to mimic face to face psychotherapy; for example, they recommend one session per week and deliver their content in a specific sequence. However, some have argued that such an approach is at odds with how people prefer to use mobile technology (Lattie et al., 2016) . A recent study showed that a suite of simple "single use" smartphone apps, including one for BA and one for cognitive restructuring, accessible whenever the user needed them and delivered with coaching, had a dropout rate of less than 10% over 8 weeks (Mohr et al., 2017) . Successful implementation of digital behavioral health might therefore require the development of new models of delivering care, rather than a simple digitizing of traditional models (Schueller, Muñoz, & Mohr, 2013) .
For sites using more convention iCBT interventions, the effectiveness of these treatments must be weighed against the risk of individuals dropping out. It is likely that these treatments significantly increase the reach of evidence-based therapies, including reaching 2 At the suggestion of a reviewer, we also conducted this analysis removing two items on the CCTS-SR related to behavioral activation: "When I was upset, I made an effort to engage in enjoyable activities that would be likely to improve my mood," and "When I have felt down, I engaged in activities that were enjoyable or gave me a sense of accomplishment (to try to help my mood)." Removing these items to eliminate any conceptual overlap between the proposed mediators, the indirect effect for the cognitive skills remained significant and the estimated 95% CI was similar (−1.50, −0.12) . BA remained nonsignificant in this analysis. 
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Author Manuscript those who would not seek out traditional face-to-face therapy and those who would find such treatment overly burdensome. A possible direction for addressing the dropout problem is to develop methods of identifying individuals who are at risk for poor outcomes before treatment initiation or early in its course, so that they might be directed to alternatives. Such methods might include identifying risk factors, or methods that can identify deviation from acceptable symptom change trajectories (De Jong et al., 2014; Delgadillo, Moreea, & Lutz, 2016) .
In the meditation analyses, we found that early improvement in cognitive skills mediated change in subsequent depression scores in guided iCBT versus waitlist. These cognitive skills are specifically related to identifying negative thoughts and their relationship with negative emotions, rationally evaluating these thoughts, and engaging in active coping efforts in response to problems or negative mood. Patients who reported a greater change in the use of these skills from intake to week 3 improved more on subsequent depression scores, suggesting that those individuals who learned and applied the cognitive skills taught in Beating the Blues tended to benefit more from the program.
In contrast, although iCBT was related to greater improvements in BA than waitlist, we failed to find that change in BA mediated subsequent change in depression symptoms. Given the program's relative emphasis on cognitive strategies early in treatment, it is possible that there is not enough BA content to promote meaningful change in these behaviors. The change that did occur in BA might also have been a consequence of improving depression symptoms. Indeed, the BA scale was highly correlated with depression at intake, a problem that was also observed with original version of the BADS (Manos et al., 2011) . Given the high level of covariation, disentangling whether the effects of BA are a cause or consequence of (or the same as) improving depression symptoms will require additional research.
Cognitive skills, in contrast, were unrelated to depression at intake. Our findings suggest that skills measures might be good candidates for investigating mechanisms of change. In addition to being unrelated to depression in this sample, cognitive skills have also been shown to have specificity to CBT treatments in comparison to other treatments (Hunter et al., 2002; Kuyken et al., 2010; Powers et al., 2008) . Identifying which skills are most closely related to improvements in depression might provide a means of increasing the effectiveness of iCBT. By tracking improvements in skills, it might be possible to identify individuals who are at risk for poor response early in treatment, and provide them with additional help.
Limitations and Future Directions
The current manuscript has several strengths. It tested an updated version of a well-studied iCBT intervention, it used a validated coaching protocol designed to improve adherence to the programs (TeleCoach), it included both self-report and interviewer-rated measures of depression severity, and it met five of the six criteria described by Lemmens et al. (2016) as markers of quality for research on mediators. These included testing multiple mediators and meeting the temporal criterion. Nevertheless, there were also several limitations. The primary limitation is the use of a waitlist instead of an active treatment comparator, which might have led to an overestimate of the treatment effect. Our study also relied primarily on self-report instruments, and is therefore susceptible to the problems common in these measures. Further, the HRSD raters were not blinded to treatment condition, introducing the possibility of bias. Our data structure also did not support a more fine-grained investigation of hypotheses related to change, e.g., whether session-to-session change in mediators predicted improvement in depression (e.g., Strunk, Brotman, DeRubeis, & Hollon, 2010) . Also, because the iCBT treatment is non-tailored (i.e., everyone receives the same treatment), we are unable to determine what specific components of the treatment resulted in larger improvements in cognitive skills.
The recruited sample was also relatively young, highly educated, female, and employed.
Although they tended to have depression symptoms in the moderate to severe range, our results might not generalize outside of similar groups. A further problem with generalizability is the limited availability of coaching services offered for publically available iCBT programs. Access to iCBT for depression in the United States is largely limited to free services or programs purchased by insurers, employee assistance programs, or health systems. Within these contexts, the availability of coaching is highly variable and the likelihood of receiving manualized coaching is likely low. Efforts to disseminate programs and coaching into practice are needed. Finally, we did not report on longer-term outcomes. Longer term outcomes for this trial will be the subject of a subsequent report.
Future directions include refining efforts to predict or prevent dropout in iCBT, as well as efforts to incorporate measures of skills into iCBT programs themselves as potential markers of improvement. Future studies might also seek to randomize therapy components or conduct dismantling studies to determine which specific modules or strategies within iCBT programs are the most effective at increasing cognitive skills.
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